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Changes in an organism induced by hypoxia and the underlying mechanisms are of great interest in
life science, and prevention and cure of hypoxia is in pa.niculai of important significance. The laboratory
headed by Prof. G.W. Lu has extensively studies hypoxia preconditioning in the past several decades Y
As early as in 1963, Prof. Lu proposed that a variety of tissues and cells in an organism could achieve
high tolerance to hypoxia following a repetitive exposure to hypoxia. As a result of a series of biochemical
and physiological studies in animal models, Prof. Lu and his colleagues suggest that preconditioning pro-
duced by repetitive exposure to hypoxia may provide a new strategy for prevention and cure of hypoxia,
distinct from the traditional therapy of oxygen inspiration. In this monograph, Prof. Lu and colleagues
summarize the achievements they have obtained in this research field using multidisciplinary approaches in
the past years, which fully reflect the great endeavors they have made for reaching the goals. Moreover,
relevant background information is also provided in this monograph, which enables readers to understand
the theme of the monograph easier.

I have known Prof. Lu for many years and highly admire his high perseverance in research and un-
flagging enthusiasm to science. I still have a most vivid memory of the enthusiastic responses from Tai-
wan province’s colleagues to his lecture given in the Annual Conference of Neuroscience of Taiwan pro-
vince in the fall of 1995 he and I were both invited. While this monograph is a summary of the research
work in the past, more importantly, it will definitely set a new starting point for a longer exploration in
the future. Needless to say, it may be highly expected that publication of this monograph will give a sub-

stantial impetus to the research in this field.
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Hypoxia is a basic pathological process seen commonly in clinical medicine as well as a subject of
great importance in special environmental medicine. To prevent and cure hypoxia-caused symptoms has
long been studied. Nevertheless, common strategy adopted for antihypoxia has still been limited to the
treatment of oxygen inspiration till now.

In a review article entitled “ Tissue-cell mechanism underlying hypoxic adaptation” published in
1963, we proposed that high tolerance to hypoxia may be achieved at tissue-cell level by repetitive expo-
sure to hypoxia. A corresponding animal model was then developed and a series of original observations
have been made on the model. Abundant experimental evidence suggests that this novel strategy is radi-
cally different from the traditional oxygen inspiration in regards to the prevention and cure of hypoxia.
The present monograph is a summary of our results described in 86 original and review articles published
in the past four decades.

The monograph is composed of 5 parts: 1. physiological process of oxygen supply and consump-
tion, 2. pathological process of oxygen supply and consumption, 3. research background of hypoxic
preconditioning, 4. research results of hypoxic preconditioning, and 5. mechanism underlying hypoxic
preconditioning. Basal knowledge regarding oxygen supply and consumption is briefly reviewed in the part
1 and 2, and the part 3, 4 and 5, major parts of the monograph, introduce a series of original research
achievements and theoretical thinking on them done by us. The final two papers in the Sth part entitled
“ Hypoxic preconditioning : a novel strategy for fighting against hypoxia” written in both Chinese and En-
glish could be read as an abstract of the monograph.

Upon publication of the monograph, the authors would like to express their special thanks to Acade-
mician Xiongli Yang for his encouragement by writing the preface. Our gratitude is extended to all col-
leagues and graduates who have engaged in the study on the project on hypoxic preconditioning and all au-
thors whose publications have been referred and cited in the monograph for their industrious work and ex-
cellent contribution. Our gratitude is also extended to National Natural Science Foundation of China and
Beijing Natural Science Foundation, Municipal Education Committee of Beijing and Peking University
Medical Press for their financial and enthusiastic support to our experimental research projects on which
the monograph is based and the publication of the monograph .

Guo-Wei Lu, M.D.

Professor and Director

Institute for Hypoxia Medicine,
Capital University of Medical Science
May, 2004
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WEAHFN, dFREIRHRES SEER AR SHRIML, MKHMESME
TEST AL N IRERES 3 A0 19 B, i T A AR B Bt iR 38 AL A a0 i R B AR RRE R, i
FREIRGIRE V. Q EREIRA 5 5. RBWREMISELE, MRETSE, BWRE v./Q
", FRHES V. Q 1K, XFMKREHEAIRA V-Q KICE (mismatch).
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BT V,/Q MXEZE, hfRBENIEZREAEEN, & V./Q EnikiE L4 E
MR, MR AU E, SPRFEOER - HEL TR, BITRE M E M
BEABRESERMBARK R0 E, B i X M & BUR & O # Bk I 55 FF i
B, MBEAESERTHESEESE, X—ZRFR N - SIkEE. EXFNX—80E
Zi%/N, 2 4mmHg, {HTERE BB EE .

$3.9%%

SIS HTER M V,/ 0 BRFH—FRES. BRSNEEEPFIFEL, BImEKE
b A BB O SO A RE AT LR R . E—EOLR I TYHEEE (FRES) BN ERE
&

EH AR, BN, Al /S R SR L B4 WA R K AN . X A
RBEFR MRS RS . T, WFEARERHAUE, MIFRZ R ATt RE . i B
P U I B AR O A EE S B

AR S B A N B B AL AT I M SRS B R Bk I 5 E AT I A I A
RSB MARIR S, 4RIESIKME PO, iR, PCO, 7, NN - SHfkEE K,

s Fa SR AN K AR K V,/Q R TR

bR, ERERTESTEN V,/Q A%, RRENEEMKENBWEK v./0 LR
AR T el AR S IR 1L o

£ V,/Q WEEL b, EHMIEERM MR, FTUEE X LERHBS NEH—I
Ao 1] L3 AT 71— MRS T RINE . EHAEER, MRS ERSIRSSTH, K
SR BT R K IL A 5 (PCO, = 46mmHg, PO, = 40mmHg) . T7ESERS, BHSH K 588k
M3, HENRBRASKEKIRS (PO, = 150mmHg, PCO, = OmmHg), 7E3X FiRRHR 5 2 4],
FEXMBREMESSHEDR, WES. MMmBA PCo, fl PO, MBI/ FX B MRk A,

1.5. S S Ea) M RIEH

B Bk g e K o ) A AR LR,

TSR PO, B, PCO, 1%, SAMG (Wshfk) mARLL, MR (#bkim) &,
MPER . ZE B, WERLRAZCE. £0%F, REBRSKL, MaEA80E
MMER, FEL, BEAK, HEE.0BNEEFKERKL PO, RIE, PCO, AR5, 4
CERBXEMB (Fshbkii) B, mE+E Po, M PCO, HF FEHAM. ~ELBA
fiio

B0 fo ik 35 By

MBEHFRNTXERMN: BRNESNAEA%SS, kP ERGESRE TN
PO, R X, EWIH PO, 4 100mmHg, % 100ml [l 7 0.3ml MEME. MKBAEAS
B, B I A% B P E 0.12m1/100ml (PO, = 40mmHg), EP#EH 0.18ml 0,/100ml 1, &
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BIM¥EHN SL/min, A 9ml 0,/min, IFBEXABALLR, RAMEEEFEREN 250m/min, T
USGFEFAERN T B HERNEHLARBHTE,

mMAEARBETARE. ES5NAaEAN 4 MEBEFES, BNaEAR 4 8EF
ZE& AN ENT, HERET PO,. IEH PO, 100mmHg, 95% LA FHIMZLE A, BIfEAE
##RK ML PO, 40mmHg , 138 75% MO FE AWM. T MLAEEKAELE, 100ml Sk EH
19ml &, 100ml FAKIM % 14ml £, B4 100ml 1A Sml WEBALLR, REREAMER 10
B L

AEEREOTENEE, PEREMSMAZEALANENSN, EFEEESNaE
BEEHRAR., SMMNENRSENELSGAASERNLS ., =924 mSRmEE
B, shbkmRSEERNARN, mPEEFRE. PO, MAEFAR, FMaOBEAL
BERMENRER (MERMENLEAETR), BHEARME, MKDAME, S5F%
M PO, FBEK, MAEBSELEEHE,

WA—EALBK (CO) B, COEMAEAZEMN AR 240 1%, HAEH CO BPTl 548
KEWMARRESMR, FEMAEANERESEEM, UBRRERS BT RS
MHMH. BEBCREMI PO, IEH, MBBEMHALYE,BNESE. MEAE K HEE,

ZRACEE 64 o i A My

TEMBRUBERAA . BRREAEE TS MAEASS 3 B BMRIEY, URKRE
HETHRIERA N E, ZEMRT BALAR, ERREBEWT, SKESHRRR, B
HEERREMBREEE T, EETFTENAEASES, MREHREFNIHEEY 52 mn
. Wi PCO, AR, H 60% ~90% K — FALBME X —PLE A MBS, Bob, aH
R 5% ~30% M —EMR S MABEANREAS TESEREETRILESY .

FERHER PO, &, [ _EMREMABEANE AL, EHEBRAMRS; AR,
PO, i, ff “HA LB S MLLE QML S, EHENER S,

1.6. B SKBE

R G kot

SERERAN T & R LMRFFIP T A 2 Ay —— TR DA 25 IO M 2 TERE . BRI L
BRI SOV R A YA, (BAEAERELL T RN, TREME L,

WP BB A TR S B PR R MR A R R T . E M SRR AL S
R B, FERGET R EMEIRNL, SUEPPRIEE R, RSB, M
iz B R B A E L,

M@ A% PO, PCO, #= pH #*h

FEFEMBBBKIA . EFIK S KALERRSZ B0 M AR R R U, LR 38k
PR RRSZ AN pH BUR, SMAF RS ISR F ) pH, PO, FI PCO, HIiUR,
T AR GF A REIEE HY , BB E R B8 A R K pHo SRT CO, BEM I8
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BEIRCEWR, HEER H* M HCO; » H RIMGEREIL RS2 48, Wil 3 bk i pCo,. pH
B (PCO, 1) MIBURAZES, WIES, M CO,, MHE3hkkiL PCO, MARTH H®
WE, BTEEH O, Bk HY, BZRXEIEK pH LR M AR,

SNRAL R BZ B T BBk iR M E 3 fkik, XM pH. PO, 1 PCO, HIER N, Hizhfk
Ryt =F ¥R, HESHKEX PO, PR, XERZEEEEKFHIK pH. PO, 1
PCO, W #iE, HIEHTE pH K PO, XA PCO, B E B4R, pH. PO, M PCO, MR B ILAT 5
PR, SMRALFERSZ XT3k PCO, .

pH. PO, 1 PCO, WAERT KR mm s A fk 21832 88 % pH. PO, Ml PCO, &Rk, PO, I
pH kBT, FBhpkiExt PCO, WBURMEEE; PCO, FHE M E Ik E SRS, HE
FER W PO, PRI FE A 7 A UGE SRR PCO,, [ €O, MRIB %, PCO, MERME S
FEIKS N E B BKIEN S BK A BURE T R, X2 TR BBk PCO, KT RE, 358 ExT
B AR o B2 AE XHIG R DA R AR — S LB 4 90 36 280 Bz 22 )k 3 — T A o

1.7. MERTRETEPRIER

B A TR AR R AL R

WML CO, - BRERFELZ th R4, AT sfk I pHo CO, FEIML H ISR H «

CO, + H,0 —=H,C0, ==H" + HCO; (1)
Jii Al Henderson-Hasselbach 77 %2, WM AIFIER:

pH=6.1+1g ( [HCO; ] /PCO,) (2)
PCO, # mmHg %A 0.03 $75 4 mEq/L PCO, :
7.4 =6.1+1g [ (24mEq/L) / (0.03 x 40mmHg) ]

=6.1+1g (20/1) (3)

R FE, RE HCO; /CORIE A 20:1, pHBIK 7.4, NEFX—EHH pH, ik
FEFE HCO; 1 Co, HENE,

BBk H* YREE, BRAVINAESS, TRMCITASCE, AT4s ARk vk AR oh 2 /B h A AR
B /PR, REMER PSR (BRILEE), PCO, AR (1) MARZITAE, iR,
WS, PCO, BRAR, BEERM (1) #—FLEH, BEH EE, WIMEETERREE
AT HY

FRE, mEAREER TR, shikin H WERMS (WILE) &, ¥ERE (1) Rk
¥, FEK PCO,, BEIRA) PCO, #1 H* ¥KEE, HPER@E S PCO, B, AN H, #HH
pHREIEH o

RET BRI REBER

FEEEREAEETRR R, BRTLISRERM AR, MIATER N Co, ¥ S BkiL PCO, 5
MBRIMAE, XEEN PCO, AR IFBEMANEL [ (1) R, A, RiEHH#BEE Co,
B BAREI K LAY PCO,, 5IEMIMAE .



